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On June 17, 2022, the Food and Drug Administration 
(FDA) issued Emergency Use Authorization (EUA) amend-
ments for the mRNA-1273 (Moderna) COVID-19 vaccine 
for use in children aged 6 months–5 years, administered as 
2 doses (25 µg [0.25 mL] each), 4 weeks apart, and BNT162b2 
(Pfizer-BioNTech) COVID-19 vaccine for use in children aged 
6 months–4 years, administered as 3 doses (3 µg [0.2 mL] 
each), at intervals of 3 weeks between doses 1 and 2 and 
≥8 weeks between doses 2 and 3. On June 18, 2022, the 
Advisory Committee on Immunization Practices (ACIP) issued 
separate interim recommendations for use of the Moderna 
COVID-19 vaccine in children aged 6 months–5 years and 
the Pfizer-BioNTech COVID-19 vaccine in children aged 
6 months–4 years for the prevention of COVID-19.* Both 
the Moderna and Pfizer-BioNTech COVID-19 vaccines met 
the criteria for immunobridging, which is the comparison of 
neutralizing antibody levels postvaccination in young children 
with those in young adults in whom efficacy had been dem-
onstrated. Descriptive efficacy analyses were also conducted 
for both Moderna and Pfizer-BioNTech COVID-19 vaccines 
during the period when the Omicron variant of SARS-CoV-2 
(the virus that causes COVID-19) predominated. No specific 
safety concerns were identified among recipients of either 
vaccine. ACIP recommendations for the use of the Moderna 
COVID-19 vaccine and the Pfizer-BioNTech COVID-19 vac-
cine in children aged 6 months–5 years and 6 months–4 years, 
respectively, are interim and will be updated as additional 
information becomes available. Vaccination is important for 
protecting children aged 6 months–5 years against COVID-19.

The Moderna and Pfizer-BioNTech COVID-19 vaccines are lipid 
nanoparticle–formulated, nucleoside-modified mRNA vaccines 
encoding the prefusion spike glycoprotein of SARS-CoV-2. On 
January 31, 2022, FDA approved a Biologics License Application 
(BLA) for use of the Moderna COVID-19 vaccine (Spikevax, 

* On June 18, 2022, ACIP voted 12 to 0 (three members absent) in favor of the 
interim recommendation for the use of the Moderna COVID-19 vaccine for 
children aged 6 months–5 years. ACIP voted 12 to 0 (three members absent) 
in favor of the interim recommendation for the use of the Pfizer-BioNTech 
COVID-19 vaccine for children aged 6 months–4 years.

ModernaTX, Inc.) in persons aged ≥18 years, and the Moderna 
COVID-19 vaccine is also recommended under EUA for children 
and adolescents aged 6–17 years (1). On August 23, 2021, FDA 
approved a BLA for use of the Pfizer-BioNTech COVID-19 vaccine 
(Comirnaty, Pfizer, Inc.) in persons aged ≥16 years, and the Pfizer-
BioNTech COVID-19 vaccine is also recommended under EUA for 
children and adolescents aged 5–15 years (2). Recommendations 
regarding products, dosing intervals, and booster doses and for per-
sons who are moderately to severely immunocompromised, which 
differ from recommendations for persons without immunocompro-
mising conditions, are available at https://www.cdc.gov/vaccines/
covid-19/clinical-considerations/covid-19-vaccines-us.html. 
As of June 17, 2022, among persons aged ≥18 years, 223 million 
doses of the Moderna COVID-19 vaccine have been administered 
in the United States, and among persons aged ≥5 years, 349 mil-
lion doses of the Pfizer-BioNTech COVID-19 vaccine have been 
administered (3).

Since June 2020, ACIP has convened 28 public meetings to 
review data relevant to the epidemiology of COVID-19 and 
considerations for the use of COVID-19 vaccines, including 
the Moderna and Pfizer-BioNTech COVID-19 vaccines.† 
The ACIP COVID-19 Vaccines Work Group (Work Group), 
comprising experts in pediatrics, infectious diseases, vaccinol-
ogy, vaccine safety, public health, and ethics, has held weekly 
meetings to review COVID-19 surveillance data; evidence 
for vaccine efficacy, postauthorization effectiveness, and 
safety; and implementation considerations for COVID-19 
vaccines. To guide its deliberations regarding recommenda-
tions for use of these vaccines, ACIP used the Evidence to 
Recommendation (EtR) Framework§ and incorporated a 
Grading of Recommendations, Assessment, Development and 
Evaluation (GRADE) approach.¶ Within the EtR Framework, 
ACIP considered the importance of COVID-19 as a public 
health problem, as well as parents’ values and preferences, 
acceptability, feasibility, resource use, and equity regarding 
use of mRNA COVID-19 vaccines among children aged 
6 months–5 years. Consistent with the age groups for each 

† https://www.cdc.gov/vaccines/acip/meetings/index.html
§ https://www.cdc.gov/vaccines/acip/recs/grade/downloads/acip-evidence-recs-

framework.pdf
¶ https://www.cdc.gov/vaccines/acip/recs/grade/about-grade.html
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 ** https://www.cdc.gov/vaccines/acip/recs/grade
 †† In the Moderna COVID-19 vaccine clinical trial, symptomatic, 

laboratory-confirmed COVID-19 was defined based on the CDC case 
definition, which required at least one clinical symptom (fever ≥100.4°F 
[≥38°C], chills, fatigue, headache, myalgia, nasal congestion or rhinorrhea, 
new loss of taste or smell, sore throat, abdominal pain, diarrhea, nausea or 
vomiting, poor appetite or poor feeding, cough, or shortness of breath or 
difficulty breathing), and a positive COVID-19 test result using reverse 
transcription–PCR (RT-PCR).

 §§ In the Moderna COVID-19 vaccine clinical trial, approximately 10% of 
children aged 6 months–5 years were seropositive, indicating previous 
SARS-CoV-2 infection, at baseline.

symptomatic illness in 181 vaccine recipients and 97 placebo 
recipients, none of whom were hospitalized. Vaccine efficacy 
against symptomatic COVID-19 was also inferred based on 
immunobridging criteria. The measure of immune response 
to 2 doses (25 µg each) of the Moderna COVID-19 vaccine 
in children aged 6–23 months and 2–5 years without evi-
dence of previous SARS-CoV-2 infection was at least as high 
as the response observed in young adults aged 18–25 years 
after 2 doses (100 µg each) of the Moderna COVID-19 vac-
cine, with a geometric mean ratio (GMR) for 50% neutralizing 
antibody titer of 1.28 (95% CI = 1.12–1.47) for children aged 
6–23 months and 1.01 (95% CI = 0.88–1.17) for children 
aged 2–5 years, satisfying the noninferiority criteria¶¶ for 
both age groups. In addition, vaccine efficacy against asymp-
tomatic, laboratory-confirmed SARS-CoV-2 infection*** 
was 16.0% (95% CI = –18.5%–40.5%) among children 
aged 6 months–5 years with or without evidence of previous 
SARS-CoV-2 infection, based on asymptomatic infection in 
111 vaccine recipients and 44 placebo recipients.

Among vaccine recipients aged 6 months–5 years, reactoge-
nicity, defined as solicited local and systemic adverse reactions 
during the 7 days after vaccination, were reported frequently. 
After dose 2, 66.1% of caregivers reported any local reaction 
among the child vaccine recipients after vaccination, and 
65.9% reported any systemic reaction; most reactions were 
mild to moderate with symptom onset 1–2 days after vaccina-
tion and resolving after 2–3 days. Reactogenicity was usually 
less frequent in children aged 6 months–5 years than in those 
aged 6–11 years. Among children aged 6 months–5 years, 
severe local and systemic adverse reactions (grade 3 or higher, 
defined as interfering with daily activity) occurred in 7.7% of 
vaccine recipients, more commonly after dose 2, and in 4.1% 
of placebo recipients. The most common grade 3 or higher 
local symptom reported by vaccine recipients after dose 2 was 
pain at the injection site (0.4%). The most commonly reported 
reactions of grade 3 or higher after dose 2 were fever (2.6%) 
and irritability or crying (1.2%) among vaccine recipients aged 
6–36 months and fever (3.1%) and fatigue (2.3%) among 
those aged 37 months–5 years. Serious adverse events††† were 

 ¶¶ Noninferiority is declared if the lower bound of the 2-sided 95% CI for the 
GMR is >0.67 and the point estimate of GMR is ≥0.8.

 *** In the Moderna COVID-19 vaccine clinical trial, asymptomatic SARS-CoV-2 
infection was identified by absence of symptoms and at least one of the 
following conditions: 1) binding antibody level against SARS-CoV-2 
nucleocapsid protein negative at baseline (or day 1) that became positive 
post-baseline (testing performed only on the immunogenicity subset [494]), 
or 2) a positive COVID-19 test result using RT-PCR post-baseline at a 
scheduled (29 days after dose 2) or unscheduled visit.

 ††† Serious adverse event is defined as any untoward medical occurrence that 
results in death, is life threatening, requires inpatient hospitalization or 
prolongation of existing hospitalization, results in persistent disability or 
incapacity, or is a congenital anomaly or birth defect. Serious adverse events 
occurring after dose 1 or dose 2 were reported.

vaccine included under EUA, ACIP also considered, within the 
EtR Framework, the benefits and harms of using each vaccine 
(i.e., the Moderna COVID-19 vaccine among children aged 
6 months–5 years and the Pfizer-BioNTech COVID-19 vac-
cine among children aged 6 months–4 years), independently 
compared with no vaccine. After conducting systematic reviews 
of published and unpublished evidence for benefits and harms, 
the Work Group used the GRADE approach to indepen-
dently assess the certainty of evidence for outcomes related 
to the Moderna and Pfizer-BioNTech COVID-19 vaccines, 
rated on a scale of type 1 (high certainty) to type 4 (very low 
certainty).** Work Group conclusions regarding evidence for 
the use of Moderna COVID-19 vaccine among children aged 
6 months–5 years and Pfizer-BioNTech COVID-19 vaccine 
among children aged 6 months–4 years were presented to ACIP 
at a public meeting during June 17–18, 2022.

Summary of Evidence for Use of the 
Moderna COVID-19 Vaccine in Children 
Aged 6 Months–5 Years

The body of evidence regarding immunogenicity, efficacy, 
and safety of the Moderna COVID-19 vaccine among children 
aged 6 months–5 years was guided by one randomized, double-
blind, placebo-controlled phase II/III clinical trial in which 
6,388 participants aged 6 months–5 years were enrolled and 
randomized 3:1 to receive either 2 doses of vaccine (25 µg) or 
saline placebo, separated by an interval of 28 days (4). Interim 
findings from this clinical trial were based on data from partici-
pants with a median blinded follow-up after dose 2 of 68 days 
for children aged 6–23 months and 71 days for children aged 
2–5 years. Vaccine efficacy against symptomatic, laboratory-
confirmed COVID-19 was supported by two types of evidence: 
1) direct efficacy of 2 doses against symptomatic COVID-19, 
and 2) immunobridging (i.e., comparing neutralizing anti-
body levels in one population [e.g., young children] with 
antibody levels in another population [e.g., young adults] 
with demonstrated efficacy). Vaccine efficacy ≥14 days after 
dose 2 was 37.8% (95% CI = 20.9%–51.1%) in preventing 
symptomatic, laboratory-confirmed COVID-19†† in children 
aged 6 months–5 years with or without evidence of previ-
ous SARS-CoV-2 infection.§§ This estimate was based on 



Morbidity and Mortality Weekly Report

MMWR / July 1, 2022 / Vol. 71 / No. 26 861US Department of Health and Human Services/Centers for Disease Control and Prevention

vaccine (3 µg) or saline placebo separated by an interval of 
3 weeks. Per protocol, participants were unblinded 6 months 
after dose 2 or at age 5 years (whichever occurred first). 
Based on an interim analysis where the predefined criteria 
for immunobridging and efficacy of the trial were not met 
after 2 doses, a protocol amendment was implemented on 
February 1, 2022, to include a third dose of either vaccine 
(3 µg) or saline placebo, administered ≥56 days after dose 2. 
Dose 3 was offered to blinded and unblinded participants in 
the vaccine arm, and blinded participants in the placebo arm 
were offered a third dose of placebo. Among trial participants, 
1,456 (32.2%) received a blinded third dose and were included 
in a 3-dose efficacy analysis (992 in the vaccine arm and 464 in 
the placebo arm). The median interval between doses 2 and 3 
was 16 weeks among children aged 6–23 months and 11 weeks 
among children aged 2–4 years. Safety analyses included 
blinded participants and assessed outcomes starting at dose 1. 
Interim findings from this clinical trial were based on data 
from participants with a median blinded follow-up of 35 days 
after dose 3 for children aged 6–23 months and 40 days for 
children aged 2–4 years.

Vaccine efficacy was supported by two types of evi-
dence: 1) direct efficacy of 3 doses against symptomatic 
laboratory-confirmed COVID-19**** and 2) immunobridg-
ing data. Vaccine efficacy ≥7 days after dose 3 was 80.0% 
(95% CI = 22.8%–94.8%)†††† in preventing symptom-
atic, laboratory-confirmed COVID-19 in children aged 
6 months–4 years with and without evidence of previous 
SARS-CoV-2 infection,§§§§ based on infection in three vaccine 
recipients and seven placebo recipients, none of whom were 
hospitalized. In the immunobridging analysis, the measure of 
immune response to 3 doses (3 µg each) of the Pfizer-BioNTech 
COVID-19 vaccine in children aged 6 months–4 years without 
evidence of previous SARS-CoV-2 infection was at least as 
high as the response observed in persons aged 16–25 years 
who had received 2 doses (30 µg each) of the Pfizer-BioNTech 
COVID-19 vaccine, with a GMR for 50% neutralizing 

uncommon and occurred with similar frequency among vac-
cine (0.5%) and placebo (0.2%) recipients, with no statistically 
significant difference in frequency. Two serious adverse events 
in one participant were determined to be potentially related 
to vaccination.§§§ No specific safety concerns were identified 
among vaccine recipients aged 6 months–5 years. A detailed 
summary of safety data, including information on reactoge-
nicity, is available at https://www.cdc.gov/vaccines/covid-19/
info-by-product/moderna/reactogenicity.html.

From the GRADE evidence assessment, the level of certainty 
for the benefits of Moderna COVID-19 vaccination among 
children aged 6 months–5 years was type 1 (high certainty) 
for the prevention of symptomatic laboratory-confirmed 
COVID-19 assessed using direct efficacy and type 2 (moderate 
certainty) assessed using immunobridging, because of serious 
concerns for indirectness, because immunogenicity is a sur-
rogate measure of efficacy. The level of certainty for preven-
tion of asymptomatic SARS-CoV-2 infection was type 3 
(low certainty) because of serious concerns of indirectness, 
because serial SARS-CoV-2 polymerase chain reaction (PCR) 
testing was not performed, and serology was only performed 
for a subset of participants¶¶¶; serious concerns of impreci-
sion were also noted because of the width of the 95% CI. 
Regarding potential harms after vaccination, evidence was 
type 4 (very low certainty) for serious adverse events because 
of short follow-up time (median = 68 and 71 days after dose 2 
for children aged 6–23 months and 2–5 years, respectively), 
study size, and the width of the 95% CI. Evidence was type 1 
(high certainty) for reactogenicity. No data were available to 
assess the other GRADE benefits, including prevention of 
COVID-19–associated hospitalization or multisystem inflam-
matory syndrome in children (MIS-C).

Summary of Evidence for Use of the 
Pfizer-BioNTech COVID-19 Vaccine in Children 
Aged 6 Months–4 Years

The body of evidence regarding immunogenicity, efficacy, 
and safety of the Pfizer-BioNTech COVID-19 vaccine among 
children aged 6 months–4 years was composed of data from 
one randomized, double-blind, placebo-controlled phase II/III 
clinical trial in which 4,526 participants aged 6 months–4 years 
were enrolled and randomized 2:1 to receive either vaccine or 
saline placebo (5). The protocol initially specified 2 doses of 

 §§§ One recipient in the Moderna COVID-19 vaccine clinical trial experienced 
two serious adverse events (i.e., fever and febrile seizure) that the investigator 
and FDA determined to be potentially related to the vaccine.

 ¶¶¶ The definition of asymptomatic SARS-CoV-2 infection specified for 
GRADE: SARS-CoV-2 infection with no reported symptoms identified 
through 1) serial RT-PCR testing, or 2) testing of binding antibody level 
against SARS-CoV-2 nucleocapsid protein, on the entire cohort or a 
representative sample.

 **** In the Pfizer-BioNTech COVID-19 vaccine clinical trial, symptomatic 
laboratory-confirmed COVID-19 was defined based on the CDC case 
definition, which required at least one clinical symptom (fever, new or 
increased cough, new or increased shortness of breath, chills, new or increased 
muscle pain, new loss of taste or smell, sore throat, diarrhea, vomiting, and 
inability to eat or poor feeding), and a positive SARS-CoV-2 nucleic acid 
amplification test result within 4 days of the symptomatic period.

 †††† For GRADE, relative risks (RR) were calculated from numerators and 
denominators available in the body of evidence. Vaccine efficacy estimates 
were defined as 100% x (1–RR). Manufacturer vaccine efficacy estimates 
were calculated using incident rate ratios. Based on the Pfizer-BioNTech 
COVID-19 vaccine clinical trial analysis, the vaccine efficacy against 
symptomatic SARS-CoV-2 infection was 80.3% (95% CI = 13.9%–96.7%).

 §§§§ In the Pfizer-BioNTech COVID-19 vaccine clinical trial, approximately 
30% of children aged 6 months–4 years were seropositive, indicating a 
previous SARS-CoV-2 infection, before dose 3.

https://www.cdc.gov/vaccines/covid-19/info-by-product/moderna/reactogenicity.html
https://www.cdc.gov/vaccines/covid-19/info-by-product/moderna/reactogenicity.html
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antibody titer of 1.19 (95% CI = 1.00–1.43) for children aged 
6–23 months and 1.30 (95% CI = 1.13–1.50) for children 
aged 2–4 years, satisfying the noninferiority criteria¶¶¶¶ for 
both age groups.

Among vaccine recipients aged 6 months–4 years, reacto-
genicity, defined as solicited local injection site or systemic 
signs or symptoms during the 7 days after vaccination, were 
common (47.8% reported any local reaction, and 63.8% 
reported any systemic reaction); most reactions were mild 
to moderate. Local and systemic reactogenicity symptoms 
were usually less frequent in children aged 6 months–4 years 
(63.8%) than in children aged 5–11 years (86.2%) (6). Severe 
local and systemic adverse reactions (grade 3 or higher, defined 
as interfering with daily activity) occurred in 4.3% and 3.6% 
of vaccine recipients and placebo recipients, respectively. The 
most commonly reported reactions of grade 3 or higher among 
vaccine recipients aged 6–23 months were fever (4.0%) and 
irritability (1.3%), and among recipients aged 2–4 years, 
were fatigue (0.8%) and fever (2.2%). Overall, reactions of 
grade 3 or higher were also more commonly reported after 
the second dose than after the first or third dose. Serious 
adverse events***** were uncommon and occurred with 
similar frequency among recipients of vaccine (1.0%) and 
placebo (1.5%), with no statistically significant difference in 
frequency. Two serious adverse events in one participant in the 
vaccinated group were determined to be potentially related to 
vaccination.††††† No specific safety concerns were identified 
among vaccine recipients aged 6 months–4 years. A detailed 
summary of safety data, including information on reactoge-
nicity, is available at https://www.cdc.gov/vaccines/covid-19/
info-by-product/pfizer/reactogenicity.html.

From the GRADE evidence assessment, the level of certainty 
for the benefits of Pfizer-BioNTech COVID-19 vaccination 
among children aged 6 months–4 years was type 4 (very low 
certainty) for the prevention of symptomatic laboratory-
confirmed COVID-19 assessed using direct efficacy because 
of serious concern about the short duration of follow-up 
(median = 35 and 40 days for children aged 6–23 months and 
2–4 years, respectively) and very serious concerns about impre-
cision because of case accrual and study size. For the prevention 

 ¶¶¶¶ Noninferiority is declared if the lower bound of the 2-sided 95% CI for 
the GMR >0.67 and the point estimate of GMR is ≥0.8.

 ***** Serious adverse event is defined as any untoward medical occurrence that 
results in death, is life threatening, requires inpatient hospitalization or 
prolongation of existing hospitalization, results in persistent disability or 
incapacity, or is a congenital anomaly or birth defect. Serious adverse events 
occurring after dose 1, dose 2, or dose 3 were reported.

 ††††† One recipient in the Pfizer-BioNTech COVID-19 vaccine clinical trial had 
two serious adverse events (i.e., fever and pain in extremity requiring 
hospitalization) that the investigator and FDA determined to be potentially 
related to the vaccine. FDA noted that the events were also consistent with 
viral myositis.

of symptomatic, laboratory-confirmed COVID-19 assessed 
using immunobridging, the evidence was type 2 (moderate 
certainty) because of serious concerns for indirectness, because 
immunogenicity is a surrogate measure of efficacy. Regarding 
potential harms after vaccination, the evidence was type 4 
(very low certainty) for serious adverse events because of very 
serious concerns for indirectness because of the short duration 
of follow-up of 1 month after dose 3 and because only 31% of 
trial participants received dose 3, limiting the ability to detect 
serious adverse events that might occur at a higher rate after 
dose 3, and serious concern of imprecision because of the study 
size. For reactogenicity, the evidence was type 2 (moderate cer-
tainty) because of serious concern for indirectness, as only 31% 
of trial participants received dose 3, limiting the ability to detect 
severe reactogenicity that might occur specifically after dose 3. 
No data were available to assess the other GRADE benefits, spe-
cifically prevention of COVID-19–associated hospitalization, 
MIS-C, or asymptomatic SARS-CoV-2 infection.

Recommendations for the Use of the 
Moderna COVID-19 Vaccine in Children 
Aged 6 Months–5 Years and the 
Pfizer-BioNTech COVID-19 Vaccine in Children 
Aged 6 Months–4 Years

Data reviewed with the EtR Framework supported the use 
of COVID-19 vaccine in children aged 6 months–5 years. 
COVID-19 is a major public health problem among young 
children. As of June 12, 2022, approximately 2 million 
COVID-19 cases, 20,000 hospitalizations, and 200 deaths 
from COVID-19 have been reported among U.S. children aged 
6 months–4 years (7,8). The SARS-CoV-2 Omicron variant 
emerged in the United States in December 2021 and led to the 
highest COVID-19 incidence, rates of COVID-19–associated 
emergency department visits and COVID-19–associated hospi-
talization among children aged 6 months–4 years yet seen dur-
ing the pandemic (9). Approximately one half (51%–54%) of 
children aged 6 months–4 years with a COVID-19–associated 
hospitalization had no underlying health conditions, 
highlighting the risk for severe COVID-19 even among young 
children without underlying health conditions (9). During the 
period of Omicron predominance, illness among children aged 
6 months–4 years with COVID-19–associated hospitalizations 
was as severe or more severe than that among children and 
adolescents aged 5–17 years, who were eligible for COVID-19 
vaccination during that period (9). Furthermore, COVID-19 
hospitalization rates among children aged 6 months–4 years 
during October 2021–April 2022 were as high or higher 
than were influenza-associated hospitalization rates during 
the 2017–18, 2018–19, and 2019–20 influenza seasons (10).

https://www.cdc.gov/vaccines/covid-19/info-by-product/pfizer/reactogenicity.html
https://www.cdc.gov/vaccines/covid-19/info-by-product/pfizer/reactogenicity.html
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SARS-CoV-2 can also lead to complications after acute infec-
tion. MIS-C is a severe illness in persons aged <21 years that 
occurs 2–6 weeks after SARS-CoV-2 infection and is character-
ized by fever, multisystem organ involvement, and laboratory 
evidence of inflammation (11). As of May 31, 2022, CDC has 
received 8,525 reports of cases of MIS-C in the United States, 
including 69 deaths (12); children aged 6 months–4 years 
account for 1,990 (23%) of these cases and 9 (13%) of the 
deaths among MIS-C cases (9). Post–COVID-19 conditions, 
which include a range of new, returning, or ongoing, health 
problems occurring ≥4 weeks after acute SARS-CoV-2 infec-
tion, also occur in children, including those aged <5 years 
(13–15). However, evidence regarding the prevalence and 
spectrum of these conditions in children, especially young chil-
dren, is limited by the inability of younger children to verbalize 
symptoms, few studies that include children, lack of appropri-
ate control groups, and because symptoms similar to those seen 
in post–COVID-19 conditions are frequently reported among 
children without known SARS-CoV-2 infection (13,14,16).

The pandemic has also had additional indirect effects on 
children and families, including missed routine childhood 
immunizations and health care visits; worsening of children’s 
social, emotional, and mental well-being; and disruptions in 
early child care and education programs (17–19). In a survey 
conducted during July 15–August 2, 2021, 39% of parents 
reported that an adult in their household either left a job 
or changed work schedules to care for children during the 
past year; parents of a child aged <5 years, Black and African 
American parents, Hispanic or Latino parents, and parents with 
an annual household income of <$40,000 were most likely to 
report household job disruptions (20). COVID-19 vaccination 
in this age group may provide parents with increased confi-
dence to return to prepandemic activities, improving social 
interactions in young children.

Implementation of these recommendations will require 
educating vaccine providers about the correct age-appropriate 
product (Table 1) and vaccination schedule (Table 2) for 
each vaccine, to avoid vaccine administration errors. ACIP 
determined that use of the Moderna and Pfizer-BioNTech 
COVID-19 vaccines among children is a reasonable and 
efficient allocation of resources. To expand COVID-19 vac-
cine access, additional considerations should be given to 
demographic groups that have experienced disproportionate 
COVID-19 morbidity and mortality, as well as those with 
barriers to routine health care (e.g., members of certain racial 
and ethnic groups and those living in a rural area, experienc-
ing homelessness, or lacking health insurance). Children 
from racial and ethnic minority groups have experienced a 
disproportionately high incidence of COVID-19, associated 
hospitalization, and MIS-C (7,12,21). Pediatricians and 

health care providers remain the most trusted source among 
parents for information about COVID-19 vaccines for chil-
dren (22). Based on the National Immunization Survey-Child 
COVID Module interviews conducted in May 2022, 33.5% 
of parents said they would definitely vaccinate their child 
aged 6 months–4 years for COVID-19, once eligible, and 
19.6% said they would probably vaccinate their child aged 
6 months–4 years (7). Thus, pediatricians and other primary 
care providers who care for children will be critical to increasing 
COVID-19 vaccine confidence among parents and coverage 
with COVID-19 vaccine among young children.

ACIP reviewed the balance of known and potential benefits 
and risks regarding the use of the Moderna COVID-19 vac-
cine in children aged 6 months–5 years and Pfizer-BioNTech 
COVID-19 vaccine in children aged 6 months–4 years, each 
compared with no vaccine. Both vaccines demonstrated ability 
to prevent COVID-19 and met noninferiority criteria based 
on immunobridging data. Although both the Moderna and 
Pfizer-BioNTech COVID-19 vaccine trials were conducted 
when Omicron was the predominant circulating SARS-CoV-2 
variant, case accrual after the final dose occurred in different 
months, resulting in differences in COVID-19 incidence 
across the trials. Thus, efficacy estimates cannot be directly 
compared between these two vaccines. Moreover, vaccine 
efficacy from these trials should be interpreted in the context 
of what is known about vaccine effectiveness against Omicron 
infection. Postauthorization observational studies in persons 
aged ≥5 years have demonstrated that the vaccine effectiveness 
against Omicron infection is lower than that observed against 
earlier SARS-CoV-2 variants (23,24). However, postautho-
rization observational data also indicate that mRNA vaccine 
effectiveness is higher, even during Omicron predominance, 
against hospitalization (68% a median of 37 days after the 
second dose in children aged 5–11 years) than against infection 
(40% during the 2 months after the second dose in children 
aged 5–11 years) (25). Importantly, during Omicron predomi-
nance, mRNA vaccine effectiveness against MIS-C remained 
high (78%) among children aged 5–11 years (25). The clinical 
trials were not powered to detect efficacy against severe disease 
in young children, but similar patterns are expected in this age 
group to what has been observed in persons aged ≥5 years.

ACIP also considered evidence from known and potential 
harms from COVID-19 vaccines. Myocarditis and pericarditis 
are rare adverse events that have been reported after receipt of 
mRNA COVID-19 vaccines (26,27). Among vaccine recipi-
ents aged ≥5 years, the observed risk for myocarditis is highest 
among males aged 12–39 years (26,28,29). Cases of myocar-
ditis among children aged 5–11 years after Pfizer-BioNTech 
COVID-19 vaccination have been rarely reported, primarily 
in boys and after dose 2 (28,29). To date, monitoring in CDC’s 
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TABLE 1. COVID-19 vaccines approved or authorized by the Food and Drug Administration for children aged 6 months–17 years — United States, 
June 2022

Vaccine 
manufacturer

Age group at 
vaccination

Vial cap  
color

Label border  
color

Concentration  
of mRNA  

per primary dose
Injection volume 
per primary dose

Diluent  
volume

Primary doses  
per vial

Moderna 6 mos–5 yrs Dark blue Magenta 25 µg 0.25 mL None 10
6–11 yrs Dark blue Purple* 50 µg 0.5 mL None 5
6–11 yrs Dark blue Teal* 50 µg 0.5 mL None 5

12–17 yrs Red Light blue 100 µg 0.5 mL None 10–11

Pfizer-BioNTech 6 mos–4 yrs Maroon Maroon 3 µg 0.2 mL 2.2 mL 10†

5–11 yrs Orange Orange 10 µg 0.2 mL 1.3 mL 10†

12–17 yrs Gray Gray 30 µg 0.3 mL None 6

Abbreviation: FDA = Food and Drug Administration.
* Moderna COVID-19 vaccine supplied in a vial with a dark blue cap and a label with a teal border stating “Age 6y through 11y” is currently not available. Moderna 

COVID-19 vaccine supplied in a vial with a dark blue cap and a label with a purple border stating “BOOSTER DOSES ONLY” is FDA-authorized for use in children aged 
6–11 years to provide primary series doses.

† After dilution with 0.9% sodium chloride (normal saline, preservative-free).

Vaccine Safety Datalink have not detected an increased risk 
for myocarditis and pericarditis in children aged 5–11 years 
(29). No cases of myocarditis occurred among 7,804 children 
aged 6 months–5 years in the Moderna and Pfizer-BioNTech 
COVID-19 vaccine clinical trials who received an mRNA vac-
cine and had ≥7 days of follow-up, although the trials were not 
adequately powered to detect rare adverse events. Postauthorization 
safety monitoring, including monitoring for myocarditis and 
pericarditis after mRNA COVID-19 vaccination, is conducted 
through multiple national safety surveillance systems.

ACIP determined that the benefits of COVID-19 vaccination 
outweigh the known and potential risks, even in the setting of 
high seroprevalence among young children; by April 2022, in a 
national sample of children aged 6 months–4 years, 71% had 
infection-induced SARS-CoV-2 antibodies (9). Past infection 
with SARS-CoV-2 provides some protection against reinfec-
tion, but the immune response to infection can vary, especially 
by disease severity, and might not provide broad protection 
against all SARS-CoV-2 variants (30). The Omicron-wave 
surges of pediatric COVID-19 hospitalizations occurred even 
in the setting of high seroprevalence, suggesting this alone is 
not sufficient to provide broad population-level protection. 
Vaccination in previously infected persons enhances protec-
tion against reinfection (30–32) and COVID-19–associated 
hospitalization, including infections and hospitalizations 
due to the Omicron variant (32,33). No concerns have been 
identified in postauthorization safety surveillance associated 
with vaccination of seropositive persons aged ≥5 years. After 
assessing the balance of benefits and risks for COVID-19 
vaccination, ACIP made an interim recommendation for 
vaccination with the Moderna COVID-19 vaccine for chil-
dren aged 6 months–5 years as a 2-dose primary series as 
authorized under the EUA and an interim recommendation 
for vaccination with the Pfizer-BioNTech COVID-19 vac-
cine for children aged 6 months–4 years as a 3-dose primary 
series as authorized under the EUA. ACIP does not state a 

product preference between the two recommended vaccines 
for children aged 6 months–5 years; children may receive any 
ACIP-recommended COVID-19 vaccine and are encouraged 
to receive the earliest vaccine available to them. Once a primary 
series is started, the same mRNA vaccine product should be 
used for all doses in the series.

The GRADE evidence profiles, which provide details on the 
identification and assessment of relevant evidence, are available for 
the Moderna COVID-19 vaccine at https://www.cdc.gov/vac-
cines/acip/recs/grade/covid-19-moderna-vaccine-6-months-5-
years.html and for the Pfizer-BioNTech COVID-19 vaccine at 
https://www.cdc.gov/vaccines/acip/recs/grade/covid-19-pfizer-
biontech-vaccine-6-months-4-years.html. The EtR supporting 
evidence for both the Moderna COVID-19 vaccine and the 
Pfizer-BioNTech COVID-19 vaccine is available at https://
www.cdc.gov/vaccines/acip/recs/grade/covid-19-moderna-
pfizer-children-vaccine-etr.html. Additional clinical consid-
erations, including recommendations for children who are 
moderately or severely immunocompromised, are available 
at https://www.cdc.gov/vaccines/covid-19/clinical-consider-
ations/covid-19-vaccines-us.html.

These interim recommendations and clinical considerations are 
based on use of the Moderna COVID-19 vaccine under an EUA 
and on the Pfizer-BioNTech COVID-19 vaccine under an EUA 
and might change as more evidence becomes available. COVID-19 
vaccines must be administered according to applicable state and 
territorial vaccination laws. Before vaccination, the EUA Fact Sheet 
(available at https://www.fda.gov/media/159309/download for 
the Moderna COVID-19 vaccine and https://www.fda.gov/
media/159313/download for the Pfizer-BioNTech COVID-19 
vaccine) should be provided to parents or guardians. ACIP will 
continue to review additional data as they become available; 
updates to recommendations or clinical considerations will be 
posted on the ACIP website (https://www.cdc.gov/vaccines/
hcp/acip-recs/vacc-specific/covid-19.html).

https://www.cdc.gov/vaccines/acip/recs/grade/covid-19-moderna-vaccine-6-months-5-years.html
https://www.cdc.gov/vaccines/acip/recs/grade/covid-19-moderna-vaccine-6-months-5-years.html
https://www.cdc.gov/vaccines/acip/recs/grade/covid-19-moderna-vaccine-6-months-5-years.html
https://www.cdc.gov/vaccines/acip/recs/grade/covid-19-pfizer-biontech-vaccine-6-months-4-years.html
https://www.cdc.gov/vaccines/acip/recs/grade/covid-19-pfizer-biontech-vaccine-6-months-4-years.html
https://www.cdc.gov/vaccines/acip/recs/grade/covid-19-moderna-pfizer-children-vaccine-etr.html
https://www.cdc.gov/vaccines/acip/recs/grade/covid-19-moderna-pfizer-children-vaccine-etr.html
https://www.cdc.gov/vaccines/acip/recs/grade/covid-19-moderna-pfizer-children-vaccine-etr.html
https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html
https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html
https://www.fda.gov/media/159309/download
https://www.fda.gov/media/159313/download
https://www.fda.gov/media/159313/download
https://www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/covid-19.html
https://www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/covid-19.html
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TABLE 2. Interim COVID-19 immunization schedule for children aged 6 months–17 years — United States, June 2022

Vaccine 
manufacturer*

Age group at 
vaccination

Immunocompromise status

Not moderately or severely immunocompromised† Moderately or severely immunocompromised†

Primary series§ Booster dose Primary series Booster doses

Moderna 6 mos–5 yrs 2 doses Not authorized 3 doses Not authorized

4–8 weeks between  
doses 1 and 2

4 weeks between  
doses 1 and 2;  

≥4 weeks between  
doses 2 and 3

6–11 yrs 2 doses Not authorized 3 doses Not authorized

4–8 weeks between  
doses 1 and 2

4 weeks between  
doses 1 and 2;  

≥4 weeks between  
doses 2 and 3

12–17 yrs 2 doses Not authorized 3 doses Not authorized

4–8 weeks between  
doses 1 and 2

4 weeks between  
doses 1 and 2;  

≥4 weeks between  
doses 2 and 3

Pfizer-BioNTech 6 mos–4 yrs 3 doses Not authorized 3 doses Not authorized

3–8 weeks between  
doses 1 and 2;  

≥8 weeks between  
doses 2 and 3

3 weeks between  
doses 1 and 2;  

≥8 weeks between  
doses 2 and 3

5–11 yrs 2 doses ≥5 mos  
after primary series

3 doses ≥3 mos after primary series

3–8 weeks between  
doses 1 and 2

3 weeks between  
doses 1 and 2;  

≥4 weeks between  
doses 2 and 3

12–17 yrs 2 doses ≥5 mos  
after primary series

3 doses 2 booster doses

3–8 weeks between  
doses 1 and 2

3 weeks between  
doses 1 and 2;  

≥4 weeks between  
doses 2 and 3

First: ≥3 mos after primary series
Second: ≥4 mos after first booster

Abbreviation: FDA = Food and Drug Administration.
* More information on product and dosage is available at https://www.cdc.gov/vaccines/covid-19/clinical-considerations/interim-considerations-us.html.
† https://www.cdc.gov/vaccines/covid-19/clinical-considerations/interim-considerations-us.html#immunocompromised
§ mRNA COVID-19 vaccines are FDA-approved or FDA-authorized for a 3-week (Pfizer-BioNTech vaccine) or 4-week (Moderna vaccine) interval between the first and 

second dose. CDC recommends that an 8-week interval might be optimal for some persons aged 6 months–64 years, especially for males aged 
12–39 years because it might reduce the small risk of myocarditis or pericarditis associated with mRNA COVID-19 vaccines. A shorter interval (3 weeks for Pfizer-
BioNTech and 4 weeks for Moderna) between the first and second doses remains the recommended interval for persons who are moderately or severely 
immunocompromised, adults aged ≥65 years, and those in situations in which there is increased concern about COVID-19 community levels or a person’s higher 
risk for severe disease.

Reporting of Vaccine Adverse Events
FDA requires that vaccination providers report vaccination 

administration errors, serious adverse events, multisystem 
inflammatory syndrome cases, and COVID-19 cases that 
result in hospitalization or death after administration of 
COVID-19 vaccine under an EUA. Adverse events that occur 
after receipt of any COVID-19 vaccine should be reported 
to the Vaccine Adverse Events Reporting System (VAERS). 
Information on how to submit a report to VAERS is available 

at https://vaers.hhs.gov/index.html or 1-800-822-7967. Any 
person who administers or receives a COVID-19 vaccine (or 
their parent or guardian) is encouraged to report any clinically 
significant adverse event, whether it is clear that a vaccine 
caused the adverse event. In addition, CDC has developed 
a voluntary smartphone-based online tool (v-safe) that uses 
text messaging and online surveys to provide near real-time 
health check-ins after receipt of a COVID-19 vaccine. Parents 
or guardians can register their children in v-safe and complete 

https://www.cdc.gov/vaccines/covid-19/clinical-considerations/interim-considerations-us.html
https://www.cdc.gov/vaccines/covid-19/clinical-considerations/interim-considerations-us.html#immunocompromised
https://vaers.hhs.gov/index.html
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Summary

What is already known about this topic?

On June 17, 2022, the Food and Drug Administration granted 
Emergency Use Authorization for the Moderna and Pfizer-
BioNTech COVID-19 vaccines for children aged 
6 months–5 years and 6 months–4 years, respectively.

What is added by this report?

On June 18, 2022, the Advisory Committee on Immunization 
Practices (ACIP) issued interim recommendations for the use 
of the Moderna COVID-19 vaccine for children aged 
6 months–5 years and for the Pfizer-BioNTech COVID-19 vaccine 
for children aged 6 months–4 years in the United States for 
prevention of COVID-19. ACIP determined that the benefits of 
vaccination outweigh risks for this population.

What are the implications for public health practice?

Vaccination is important for protecting children aged 
6 months–5 years against COVID-19.

the health surveys on their behalf. CDC’s v-safe call center 
follows up on reports to v-safe that include possible medically 
significant health events to collect additional information for 
completion of a VAERS report. Information about v-safe is 
available at https://www.cdc.gov/vsafe.

Acknowledgments

LeAnne M. Fox, Matthew Oster, Naomi Tepper, CDC; Karen 
Broder, Tom Shimabukuro, John Su, CDC Immunization Safety 
Office, Division of Healthcare Quality Promotion, National Center 
for Emerging and Zoonotic Diseases, CDC. Members of the CDC 
Advisory Committee on Immunization Practices clinical guidelines 
team: Mary Chamberland, Laura Daniel, Megan Freedman, Susan 
Goldstein, Joy Hsu, Valerie Morelli, Tamara Pilishvili, Hannah 
Rosenblum, JoEllen Wolicki. Voting members of the Advisory 
Committee on Immunization Practices: Kevin A. Ault, University 
of Kansas Medical Center; Lynn Bahta, Minnesota Department 
of Health; Beth P. Bell, University of Washington; Oliver Brooks, 
Watts HealthCare Corporation and past president, National 
Medical Association; Wilbur Chen, University of Maryland School 
of Medicine; Sybil Cineas, Warren Alpert Medical School of 
Brown University; Matthew Daley, Kaiser Permanente Colorado; 
Camille N. Kotton, Massachusetts General Hospital and Harvard 
Medical School; Grace M. Lee, Lucile Packard Children’s Hospital 
and Stanford University School of Medicine; James Loehr, 
Cayuga Family Medicine; Sarah Long, Drexel University College 
of Medicine; Veronica V. McNally, Franny Strong Foundation; 
Katherine A. Poehling, Wake Forest University School of Medicine; 
Pablo J. Sánchez, The Research Institute at Nationwide Children’s 
Hospital; H. Keipp Talbot, Vanderbilt University School of Medicine. 

Members of the Advisory Committee on Immunization Practices 
COVID-19 Vaccines Work Group (in addition to listed authors): 
Edward Belongia, Center for Clinical Epidemiology & Population 
Health, Marshfield Clinic Research Institute; Henry Bernstein, 
Cohen Children’s Medical Center, Zucker School of Medicine at 
Hofstra/Northwell; Dayna Bowen Matthew, George Washington 
University Law School; Uzo Chukwuma, Indian Health Service; 
Marci Drees, Society for Healthcare Epidemiology of America; 
Jeffrey Duchin, Infectious Diseases Society of America; Doran Fink, 
Food and Drug Administration; Sandra Fryhofer, American Medical 
Association; Jason M. Goldman, American College of Physicians; 
Michael Hogue, American Pharmacists Association; Denise 
Jamieson, American College of Obstetricians and Gynecologists; 
Jeffrey Kelman, Centers for Medicare & Medicaid Services; David 
Kim, U.S. Department of Health and Human Services; Kathy 
Kinlaw, Center for Ethics, Emory University; Susan Lett, Council 
of State and Territorial Epidemiologists; Lauri Markowitz, CDC; 
Kendra McMillan, American Nurses Association; Kathleen Neuzil, 
Center for Vaccine Development and Global Health, University of 
Maryland School of Medicine; Sean O’Leary, American Academy 
of Pediatrics; Christine Oshansky, Biomedical Advanced Research 
and Development Authority, U.S. Department of Health and 
Human Services; Stanley Perlman, Department of Microbiology 
and Immunology, Carver College of Medicine, University of Iowa; 
Marcus Plescia, Association of State and Territorial Health Officials; 
Chris Roberts, National Institutes of Health; William Schaffner, 
National Foundation for Infectious Diseases; Rob Schechter, 
Association of Immunization Managers; Kenneth Schmader, 
American Geriatrics Society; Bryan Schumacher, U.S. Department 
of Defense; Peter Szilagyi, University of California, Los Angeles; 
Jonathan Temte, American Academy of Family Physicians; Matthew 
Tunis, National Advisory Committee on Immunization Secretariat, 
Public Health Agency of Canada; Melinda Wharton, CDC; Matthew 
Zahn, National Association of County and City Health Officials; 
Rachel Zhang, Food and Drug Administration.

Corresponding author: Sara E. Oliver, yxo4@cdc.gov.

 1COVID-19 Vaccine Policy Unit, National Center for Immunization and 
Respiratory Diseases, CDC; 2Department of Health Research Methods, 
Evidence, and Impact, McMaster University, Hamilton, Ontario, Canada; 
3Watts HealthCare Corporation, Los Angeles, California; 4Vanderbilt University 
School of Medicine, Nashville, Tennessee; 5Stanford University School of 
Medicine, Stanford, California; 6University of Washington, Seattle, Washington; 
7Institute for Health Research, Kaiser Permanente Colorado, Denver, Colorado.

All authors have completed and submitted the International 
Committee of Medical Journal Editors form for disclosure of 
potential conflicts of interest. No potential conflicts of interest 
were disclosed.

https://www.cdc.gov/vsafe
mailto:yxo4@cdc.gov


Morbidity and Mortality Weekly Report

MMWR / July 1, 2022 / Vol. 71 / No. 26 867US Department of Health and Human Services/Centers for Disease Control and Prevention

References

 1. Food and Drug Administration. Spikevax and Moderna COVID-19 
vaccine. Silver Spring, MD: US Department of Health and Human 
Services, Food and Drug Administration; 2022. https://www.fda.gov/
emergency-preparedness-and-response/coronavirus-disease-2019-
covid-19/spikevax-and-moderna-covid-19-vaccine

 2. Food and Drug Administration. Comirnaty and Pfizer-BioNTech 
COVID-19 vaccine. Silver Spring, MD: US Department of Health and 
Human Services, Food and Drug Administration; 2021. https://www.
fda.gov/emergency-preparedness-and-response/coronavirus-disease-
2019-covid-19/pfizer-biontech-covid-19-vaccine

 3. CDC. COVID data tracker. COVID-19 vaccinations in the United 
States. Atlanta, GA: US Department of Health and Human Services, 
CDC; 2022. Accessed June 17, 2022. https://covid.cdc.gov/
covid-data-tracker/#vaccinations_vacc-people-onedose-pop-5yr

 4. Food and Drug Administration, Vaccines and Related Biological Products 
Advisory Committee. FDA briefing document: EUA amendment request 
for use of the Moderna COVID-19 vaccine in children 6 months through 
17 years of age. Vaccines and Related Biological Products Advisory 
Committee meeting; June 14–15, 2022; Silver Spring, MD: US 
Department of Health and Human Services, Food and Drug 
Administration; 2022. https://www.fda.gov/media/159189/download

 5. Food and Drug Administration, Vaccines and Related Biological Products 
Advisory Committee. FDA briefing document: EUA amendment request 
for Pfizer-BioNTech COVID-19 vaccine for use in children 6 months 
through 4 years of age. Vaccines and Related Biological Products Advisory 
Committee meeting; June 15, 2022; Silver Spring, MD: US Department 
of Health and Human Services, Food and Drug Administration; 2022. 
https://www.fda.gov/media/159195/download

 6. Woodworth KR, Moulia D, Collins JP, et al. The Advisory Committee on 
Immunization Practices’ interim recommendation for use of Pfizer-
BioNTech COVID-19 vaccine in children aged 5–11 years—United States, 
November 2021. MMWR Morb Mortal Wkly Rep 2021;70:1579–83. 
PMID:34758012 https://doi.org/10.15585/mmwr.mm7045e1

 7. Oliver SE. Evidence to recommendation framework: Moderna 
COVID-19 vaccine in children ages 6 months–5 years & Pfizer-
BioNTech COVID-19 vaccine in children ages 6 months–4 years. 
Atlanta, GA: US Department of Health and Human Services, CDC; 
2022. https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-
2022-06-17-18/03-COVID-Oliver-508.pdf

 8. National Center for Health Statistics. Provisional COVID-19 death 
counts by age in years, 2020–2022. Hyattsville, MD: US Department 
of Health and Human Services, CDC; 2022. Accessed May 14, 2022. 
https://data.cdc.gov/d/3apk-4u4f

 9. Fleming-Dutra KE. COVID-19 epidemiology in children ages 6 
months–4 years. Atlanta, GA: US Department of Health and Human 
Services, CDC; 2022. https://www.cdc.gov/vaccines/acip/meetings/
downloads/slides-2022-06-17-18/02-COVID-Fleming-Dutra-508.pdf

 10. Delahoy MJ, Ujamaa D, Taylor CA, et al. Comparison of influenza and 
COVID-19-associated hospitalizations among children <18 years old 
in the United States—FluSurv-NET (October–April 2017–2021) and 
COVID-NET (October 2020–September 2021). Clin Infect Dis 
2022;ciac388. PMID:35594564 https://doi.org/10.1093/cid/ciac388

 11. CDC. Information for healthcare providers about multisystem 
inflammatory syndrome in children (MIS-C). Atlanta, GA: US 
Department of Health and Human Services, CDC; 2022. Accessed June 16, 
2022. https://www.cdc.gov/mis/mis-c/hcp/index.html?CDC_AA_
refVal=https%3A%2F%2Fwww.cdc.gov%2Fmis%2Fhcp%2Findex.html

 12. CDC. COVID data tracker. Health department-reported cases of 
multisystem inflammatory syndrome in children (MIS-C) in the United 
States. Atlanta, GA: US Department of Health and Human Services, 
CDC; 2022. Accessed June 15, 2022. https://covid.cdc.gov/
covid-data-tracker/#mis-national-surveillance

 13. Rao S, Lee GM, Razzaghi H, et al. Clinical features and burden of post-
acute sequelae of SARS-CoV-2 infection in children and adolescents: 
an exploratory EHR-based cohort study from the RECOVER program. 
medRxiv [Preprint posted online May 25, 2022]. https://www.medrxiv.
org/content/10.1101/2022.05.24.22275544v1

 14. Borch L, Holm M, Knudsen M, Ellermann-Eriksen S, Hagstroem S. 
Long COVID symptoms and duration in SARS-CoV-2 positive children - 
a nationwide cohort study. Eur J Pediatr 2022;181:1597–607. 
PMID:35000003 https://doi.org/10.1007/s00431-021-04345-z

 15. CDC. COVID-19. Post-COVID conditions: CDC Science. Atlanta, GA: 
US Department of Health and Human Services, CDC; 2022. Accessed 
June 15, 2022. https://www.cdc.gov/coronavirus/2019-ncov/hcp/
clinical-care/post-covid-science.html

 16. Zimmermann P, Pittet LF, Curtis N. The challenge of studying long 
COVID: an updated review. Pediatr Infect Dis J 2022;41:424–6. 
PMID:35213866 https://doi.org/10.1097/INF.0000000000003502

 17. Patel Murthy B, Zell E, Kirtland K, et al. Impact of the COVID-19 
pandemic on administration of selected routine childhood and adolescent 
vaccinations—10 U.S. jurisdictions, March–September 2020. MMWR 
Morb Mortal Wkly Rep 2021;70:840–5. PMID:34111058 https://doi.
org/10.15585/mmwr.mm7023a2

 18. Schweiberger K, Patel SY, Mehrotra A, Ray KN. Trends in pediatric 
primary care visits during the coronavirus disease of 2019 pandemic. 
Acad Pediatr 2021;21:1426–33. PMID:33984496 https://doi.
org/10.1016/j.acap.2021.04.031

 19. CDC. COVID-19 parental resources kit—early childhood. Atlanta, GA: 
US Department of Health and Human Services, CDC; 2022. Accessed 
June 15, 2022. https://www.cdc.gov/mentalhealth/stress-coping/
parental-resources/early-childhood/index.html

 20. Lopes L, Kirzinger A, Hamel L, et al. KFF COVID-19 vaccine monitor: 
the impact of the coronavirus pandemic on the wellbeing of parents and 
children. San Francisco, CA: Kaiser Family Foundation; 2021. https://
www.kff.org/coronavirus-covid-19/poll-finding/kff-covid-19-vaccine-
monitor-the-impact-of-the-coronavirus-pandemic-on-the-wellbeing-
of-parents-and-children/

 21. Marks KJ, Whitaker M, Agathis NT, et al.; COVID-NET Surveillance 
Team. Hospitalization of infants and children aged 0–4 years with 
laboratory-confirmed COVID-19—COVID-NET, 14 states, March 
2020–February 2022. MMWR Morb Mortal Wkly Rep 2022;71:429–36. 
PMID:35298458 https://doi.org/10.15585/mmwr.mm7111e2

 22. Sparks G, Hamel L, Kirzinger A, Stokes M, Brodie M. KFF COVID-19 
vaccine monitor: differences in vaccine attitudes between rural, suburban, 
and urban areas. San Francisco, CA: Kaiser Family Foundation; 2021. 
h t tps : / /www.kf f .org/coronav i rus -cov id-19/po l l - f ind ing/
kff-covid-19-vaccine-monitor-vaccine-attitudes-rural-suburban-urban/

 23. Accorsi EK, Britton A, Fleming-Dutra KE, et al. Association between 
3 doses of mRNA COVID-19 vaccine and symptomatic infection caused 
by the SARS-CoV-2 Omicron and Delta variants. JAMA 2022;327:639–51. 
PMID:35060999 https://doi.org/10.1001/jama.2022.0470

 24. Klein NP, Stockwell MS, Demarco M, et al. Effectiveness of COVID-19 
Pfizer-BioNTech BNT162b2 mRNA vaccination in preventing 
COVID-19–associated emergency department and urgent care 
encounters and hospitalizations among nonimmunocompromised 
children and adolescents aged 5–17 years—VISION network, 10 states, 
April 2021–January 2022. MMWR Morb Mortal Wkly Rep 
2022;71:352–8. PMID:35239634 https://doi.org/10.15585/mmwr.
mm7109e3

 25. Link-Gelles R. COVID-19 vaccine coverage & effectiveness during 
Omicron for children and adolescents. Atlanta, GA: US Department of 
Health and Human Services, CDC; 2022. https://www.cdc.gov/vaccines/
acip/meetings/downloads/slides-2022-06-17-18/03-COVID-Link-
Gelles-508.pdf

https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/spikevax-and-moderna-covid-19-vaccine
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/spikevax-and-moderna-covid-19-vaccine
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/spikevax-and-moderna-covid-19-vaccine
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/pfizer-biontech-covid-19-vaccine
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/pfizer-biontech-covid-19-vaccine
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/pfizer-biontech-covid-19-vaccine
https://covid.cdc.gov/covid-data-tracker/#vaccinations_vacc-people-onedose-pop-5yr
https://covid.cdc.gov/covid-data-tracker/#vaccinations_vacc-people-onedose-pop-5yr
https://www.fda.gov/media/159189/download
https://www.fda.gov/media/159195/download
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34758012&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34758012&dopt=Abstract
https://doi.org/10.15585/mmwr.mm7045e1
https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2022-06-17-18/03-COVID-Oliver-508.pdf
https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2022-06-17-18/03-COVID-Oliver-508.pdf
https://data.cdc.gov/d/3apk-4u4f
https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2022-06-17-18/02-COVID-Fleming-Dutra-508.pdf
https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2022-06-17-18/02-COVID-Fleming-Dutra-508.pdf
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35594564&dopt=Abstract
https://doi.org/10.1093/cid/ciac388
https://www.cdc.gov/mis/mis-c/hcp/index.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fmis%2Fhcp%2Findex.html
https://www.cdc.gov/mis/mis-c/hcp/index.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fmis%2Fhcp%2Findex.html
https://covid.cdc.gov/covid-data-tracker/#mis-national-surveillance
https://covid.cdc.gov/covid-data-tracker/#mis-national-surveillance
https://www.medrxiv.org/content/10.1101/2022.05.24.22275544v1
https://www.medrxiv.org/content/10.1101/2022.05.24.22275544v1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35000003&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35000003&dopt=Abstract
https://doi.org/10.1007/s00431-021-04345-z
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/post-covid-science.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/post-covid-science.html
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35213866&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35213866&dopt=Abstract
https://doi.org/10.1097/INF.0000000000003502
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34111058&dopt=Abstract
https://doi.org/10.15585/mmwr.mm7023a2
https://doi.org/10.15585/mmwr.mm7023a2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33984496&dopt=Abstract
https://doi.org/10.1016/j.acap.2021.04.031
https://doi.org/10.1016/j.acap.2021.04.031
https://www.cdc.gov/mentalhealth/stress-coping/parental-resources/early-childhood/index.html
https://www.cdc.gov/mentalhealth/stress-coping/parental-resources/early-childhood/index.html
https://www.kff.org/coronavirus-covid-19/poll-finding/kff-covid-19-vaccine-monitor-the-impact-of-the-coronavirus-pandemic-on-the-wellbeing-of-parents-and-children/
https://www.kff.org/coronavirus-covid-19/poll-finding/kff-covid-19-vaccine-monitor-the-impact-of-the-coronavirus-pandemic-on-the-wellbeing-of-parents-and-children/
https://www.kff.org/coronavirus-covid-19/poll-finding/kff-covid-19-vaccine-monitor-the-impact-of-the-coronavirus-pandemic-on-the-wellbeing-of-parents-and-children/
https://www.kff.org/coronavirus-covid-19/poll-finding/kff-covid-19-vaccine-monitor-the-impact-of-the-coronavirus-pandemic-on-the-wellbeing-of-parents-and-children/
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35298458&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35298458&dopt=Abstract
https://doi.org/10.15585/mmwr.mm7111e2
https://www.kff.org/coronavirus-covid-19/poll-finding/kff-covid-19-vaccine-monitor-vaccine-attitudes-rural-suburban-urban/
https://www.kff.org/coronavirus-covid-19/poll-finding/kff-covid-19-vaccine-monitor-vaccine-attitudes-rural-suburban-urban/
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35060999&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35060999&dopt=Abstract
https://doi.org/10.1001/jama.2022.0470
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35239634&dopt=Abstract
https://doi.org/10.15585/mmwr.mm7109e3
https://doi.org/10.15585/mmwr.mm7109e3
https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2022-06-17-18/03-COVID-Link-Gelles-508.pdf
https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2022-06-17-18/03-COVID-Link-Gelles-508.pdf
https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2022-06-17-18/03-COVID-Link-Gelles-508.pdf


Morbidity and Mortality Weekly Report 

868 MMWR / July 1, 2022 / Vol. 71 / No. 26 US Department of Health and Human Services/Centers for Disease Control and Prevention

 26. Block JP, Boehmer TK, Forrest CB, et al. Cardiac complications after 
SARS-CoV-2 infection and mRNA COVID-19 vaccination—
PCORnet, United States, January 2021–January 2022. MMWR Morb 
Mortal Wkly Rep 2022;71:517–23. PMID:35389977 https://doi.
org/10.15585/mmwr.mm7114e1

 27. Oster ME, Shay DK, Su JR, et al. Myocarditis cases reported after 
mRNA-based COVID-19 vaccination in the US from December 2020 
to August 2021. JAMA 2022;327:331–40. PMID:35076665 https://
doi.org/10.1001/jama.2021.24110

 28. Hause AM, Shay DK, Klein NP, et al. Safety of COVID-19 vaccination 
in US children ages 5–11 years. Pediatrics 2022. PMID:35581698 
https://doi.org/10.1542/peds.2022-057313

 29. Shimabukuro T. Update on myocarditis following mRNA COVID-19 
vaccination. Atlanta, GA: US Department of Health and Human 
Services, CDC; 2022. https://www.cdc.gov/vaccines/acip/meetings/
downloads/slides-2022-06-22-23/03-COVID-Shimabukuro-508.pdf

 30. CDC. Science brief: SARS-CoV-2 infection-induced and vaccine-
induced immunity. Atlanta, GA: US Department of Health and Human 
Services, CDC; 2021. Accessed June 15, 2022. https://www.cdc.gov/
coronavirus/2019-ncov/science/science-briefs/vaccine-induced-
immunity.html

 31. Hall V, Foulkes S, Insalata F, et al.; SIREN Study Group. Protection 
against SARS-CoV-2 after Covid-19 vaccination and previous infection. 
N Engl J Med 2022;386:1207–20. PMID:35172051 https://doi.
org/10.1056/NEJMoa2118691

 32. Carazo S, Skowronski DM, Brisson M, et al. Protection against Omicron 
re-infection conferred by prior heterologous SARS-CoV-2 infection, 
with and without mRNA vaccination. medRxiv [Preprint posted online 
May 3, 2022]. https://www.medrxiv.org/content/10.1101/2022.04.29
.22274455v2

 33. Plumb ID, Feldstein LR, Barkley E, et al. Effectiveness of COVID-19 
mRNA vaccination in preventing COVID-19–associated hospitalization 
among adults with previous SARS-CoV-2 infection—United States, 
June 2021–February 2022. MMWR Morb Mortal Wkly Rep 
2022;71:549–55. PMID:35421077 https://doi.org/10.15585/mmwr.
mm7115e2

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35389977&dopt=Abstract
https://doi.org/10.15585/mmwr.mm7114e1
https://doi.org/10.15585/mmwr.mm7114e1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35076665&dopt=Abstract
https://doi.org/10.1001/jama.2021.24110
https://doi.org/10.1001/jama.2021.24110
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35581698&dopt=Abstract
https://doi.org/10.1542/peds.2022-057313
https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2022-06-22-23/03-COVID-Shimabukuro-508.pdf
https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2022-06-22-23/03-COVID-Shimabukuro-508.pdf
https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/vaccine-induced-immunity.html
https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/vaccine-induced-immunity.html
https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/vaccine-induced-immunity.html
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35172051&dopt=Abstract
https://doi.org/10.1056/NEJMoa2118691
https://doi.org/10.1056/NEJMoa2118691
https://www.medrxiv.org/content/10.1101/2022.04.29.22274455v2
https://www.medrxiv.org/content/10.1101/2022.04.29.22274455v2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35421077&dopt=Abstract
https://doi.org/10.15585/mmwr.mm7115e2
https://doi.org/10.15585/mmwr.mm7115e2



